Introduction
The advent of endoscopic skull base surgery has forever changed the neurosurgeon's perspective of the skull base. Transcranial approaches, "from above," and endoscopic approaches, "from below," offer different views of the same anatomy. During this paradigm shift some anatomical concepts have been reconstructed to better fit the endoscopic mind frame. The internal carotid artery (ICA) serves as an important landmark in both open and endoscopic skull base surgery. Thus, the nomenclature of the different segments of the ICA is a crucial point of understanding for skull base surgeons.
In this article, we study the segment of ICA referred to as "paraclival" in the expanded endoscopic literature and correlate its anatomy with the traditional neurosurgical classification described by Bouthillier et al 1 in 1996.
Materials and Methods
Institutional review board approval was obtained for use of cadaveric specimens for dissection. Two fresh cadaveric heads were injected with colored liquid latex. An expanded endoscopic approach to the clivus was performed with 4 mm, 18 cm, and 0, 30, and 45-degree endoscope, scopes, coupled with high-definition
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Background The anatomy of the carotid artery has traditionally been understood into segments that correspond to the surrounding relevant anatomy. Transcranial surgery favors the seven segments classification initially posited by our group in 1996. With the advent of endoscopic approaches a new term has been added to the carotid anatomy lexicon "the paraclival internal carotid artery (ICA)." This "paraclival" carotid is a very familiar segment for all endoscopically trained skull base surgeons but a clear correlate to the transcranial anatomy has not been described. camera and monitor (Karl Storz Endoscopy, Tuttlingen, Germany).
Dissection Technique
A middle turbinectomy was performed on one side to assist with binostril work. The sphenoid ostium above the sphenoethmoidal recess was identified and a posterior septectomy was performed. The sphenoid rostrum was removed in its entirety. The sellar floor, medial opticocarotid recesses, and lateral opticocarotid recesses were identified and drilled. The sellar dura was opened and the pituitary gland was identified in the midline. Cavernous sinus was opened and abducent nerve was identified. Then the ICA was dissected distally from its supraclinoid segment inferiorly toward the foramen lacerum (FL) proximally. Attention was then brought lateral the middle turbinate to expose the pterygopalatine fossa (PPF) The maxillary ostium was identified and opened medial to the middle turbinate. The posterior wall of maxillary sinus (PWMS) was resected to gain access to PPF. The fat pad posterior to PWMS was removed and the branches of the third division of the internal maxillary artery were identified and lateralized. The vidian nerve and maxillary nerve (V2) were identified anteromedially and posterolaterally, respectively. The vidian nerve was followed posteriorly toward the petrous apex where it reaches the lacerum part of the ICA and then turns laterally (►Fig. 1).
Two aneurysm clips were then used to mark the paraclival ICA (►Fig. 2). One clip was placed immediately above the fibrocartilage marking the anterior genu of the petrous ICA (also known as lacerum segment of the ICA) and the other one just below the abducent nerve.
Each head was then opened transcranially with a standard pterional craniotomy. The anterior and middle fossa dura was removed to facilitate exposure of the cavernous sinus and the Gasserian ganglion (►Fig. 3). The root of the trigeminal nerve was cut at the porus trigeminus and the Gasserian ganglion was reflected anteriorly to expose the petrolingual ligament (PLL) and the petrosphenoidal ligament (PSL) (►Fig. 4). Then the PLL was cut and removed. At this time, we were able to visualize, from a transcranial approach, both clips placed endoscopically (►Fig. 5). Their exact location on the carotid artery was recorded and photographed (►Fig. 6).
Results
Our dissection confirmed that from a transcranial approach, the proximal (inferior) clip was located just medial to the origin of the petrolingual ligament, while the distal clip was placed just inferior to the posterior genu of the cavernous ICA (►Fig. 6). The two clips were therefore defining the lacerum segment and the vertical portion of the cavernous segment ICA.
Discussion
Our dissection demonstrates that the segment of the ICA referred to as "paraclival" in the expanded endonasal literature corresponds to the lacerum and vertical part of the cavernous segment of the ICA as defined by Bouthillier et al in 1996. The concept of a paraclival ICA is a relatively new term in the carotid classification and this is the first anatomical study to correlate the endoscopic and transcranial nomenclature.
Like transcranial surgery, endoscopic approaches to the skull base have put a significant emphasis on ICA anatomy and for this reason, it is important to clarify the endoscopic and the transcranial nomenclature to allow for accurate communication in the operating room.
There have been several studies and anatomical dissections developing an understanding of the ICA. In 1938, Fischer 3 described segments of the ICA, C1 to C5, based on the angiographic course of ICA. Transcranial surgery favors the seven segments classification initially posited by our group. In this description the ICA segments were named according to their surrounding anatomy and the compartments through which they travel. The ICA was divided into seven segments: C1, cervical; C2, petrous; C3, lacerum; C4, cavernous; C5, clinoid; C6, ophthalmic; and C7, communicating. This classification has been widely used in the neurosurgical literature.
The definition of the lacerum ICA, which runs posterior to the petrolingual ligament remains controversial in neurosurgery. Bouthillier et al defined this segment from the end of the carotid canal to the anterior edge of PLL. Ziyal et al, 4 on the other hand, called this segment a trigeminal segment of ICA because it was hidden below the Gasserian ganglion. This group did not accept the term lacerum ICA because the artery never travels inside FL. Although both groups had their point of view, the anatomy of the FL and PLL remains crucial for understanding this segment of the ICA. FL is formed by the confluence of the basilar occiput, petrous apex, and sphenoid bone. It measures 5.7 mm (range, 4.3-9.1 mm) in anteroposterior diameter and 5.7 mm (range, 4.3-9.1 mm) in medial to lateral diameter. 5 The PLL spans from the lingual process of the sphenoid bone to the petrous apex transcranially and covers the ICA over FL. In expanded endoscopic approaches, the PLL is hidden posterior to the ICA. Endoscopically this segment of ICA is visible at the end of the carotid canal. The definition of the intracavernous portion of the ICA seems to be more consistent in the literature. It is divided into a posterior vertical, posterior bend, anterior bend, and anterior vertical segments. 6, 7 This segment starts from the anterior edge of the PLL and ends at the proximal dural ring. Endoscopically, the paraclival ICA lies along the clivus. It starts at the FL, where it runs anterior to the PLL and terminates at the posterior bend of the cavernous ICA, just above the entry of the sixth cranial nerve into the cavernous sinus. 8 Alfieri and Jho 9 in 2001, divided the paraclival ICA in two parts, the lacerum segment caudally and the trigeminal segment rostrally. This was due to the fact that the paraclival ICA runs alongside the trigeminal nerve in Meckel cave endoscopically. Other groups have called the paraclival ICA the vertical segment of cavernous ICA.
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This report demonstrates a key anatomical nuance using a simple and direct methodology.
Conclusion
The ICA plays a very important anatomical landmark in both endoscopic endonasal surgery and open transcranial procedures. Detailed anatomical knowledge of the ICA can guide the surgeon in endoscopic approaches to the skull base. In this article, we present a transcranial correlation to the endoscopic definition of the paraclival ICA.
